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ISV Procesaing Stag :

process mixtures of theso wasts types
aimultansousiy Is a gignificant avan-
taga compared (o ather remadiaton
technologies.

Although ISV is broatly apicabie,
there are limits to its usas. Most aignifi-

cant s the rate of groundwater
racharge if the process I2 10 ba anplled
in the saturalad zone. Because SV
must remova water trom the soil betace
i will heat to the melting peint, ihe rale
of recharge ia significant. Applicatiana
Invalving hydraullc conductivity at lav-
¢'s oxcaading 10“ ¢nvsesc ard congid-
ared margingl from an enargy con-
gumption standpoint; that s, the uge of
barmar wallg, well points or somo cther
medns to ImK rgoharge would be cost.
affective compareda 1o remaving water
ty elecincal heating.

I8V off-gas processing sguipmant
alao haa limiis relative to the amount of
heaat load and the volume of gases i
can process. Thess limie are associ-
ated with the concentration of organica
and other gas-ganerating meternials that
may bo trested per umit time by tho
squiptment. A rulg-of-thumb  organic
concentration fimit ot 8 16 10 waight
parcant 18 used for mitial appitcation
sorganing. Specific eltes muat ba can-
sidared in detall prioe to application.

Metais consontration liMRs ars typi-
cally high relative to the amount of mélels
found in most hazsroous waste appli-
cations. Qeneral metals soncantrationa
In the 5 to 18 waight parcent rangs are
conmdered procesabla without special
adaptationa. Continuous metal contact
gor axample, pipeline or ra-bar} up to

5 percemt of lhe distance batwean
opposed alactrodes aigo 1y acceptable.
With thase capabiliting, the process
may be used to lreat cantaminated
drums and other metat components.

Anothar matais consideraton is rali-
od to the solubilty of the mets) in ti.e melt
and residual product. The redusing envl-
ronmant of tha typical 1SV mait will pro-
duce pura motal beyond the Gmits of
metal golubliity in the msi. Dapanding
on tha volaliity of the matal, it may eithar
gvolve from tha melt or L3y 83 a matalic
Inatusion within it. Mereury is a notable
exampie of a8 metal with law solubility
and high vapor pressure at the I8V matt
tamperaturas. Eagantiatly ali marcury is
rarmovad from the treatment 2one durngd
procassthg ano cotlactad in the off-gas
trreatnant gyatem. At the other axtrems,
high con¢entrations of irgh may poal
naar tha bottom of 4 mett ang be encep-
sulated by tne plass At that tocation.

I3V also ¢an accommodata a agnifl-
cart quantity of rubbie, detna or other -
clusions within the reatmant zone. Gon-
crele, for axampte, will debydrate, urn
o powder ang bacoma part of the mait;

the fypical conatituenis of concrata are
good Qlsde-forming materials, Each
appilkcation neede 1o Do addresded In
datail (0 daterming whathar, and undar
wha! conditions, it maybe suilable for
ISV processing.

Typical remecuation projects using I8V
ireatment invoive:

+ Site charactenzation;

+ Traatability/piiot testing;

. gequ_iat dagign;
documeniation;

+ Site praparation;

« Equipmamt mobilization;

+ Ongtte vildfication cparations:

» Equipment demobilizatior:

« Glte restoration; and

+ Dalistng or long-term manitoring.
The cost of thase activities s depandent
on apecifio conditiona at the site, and
overall project criterla and objaclives.

Coata. Traatability/pilot testing 18 used
tey:
» Demonstrate that tha tachnology 18
applicadle to the Rpecific sati/waals
combination at the gite;

v Produce contarnant-reialad par-
formance data Necessary 1o suppon
parmitting activiias;

+ Produce openstion-related perfor-
muance dela necasstry W support coat
aatimates ang quotationa: and

s Produco sampias of rasidusl orod-
uest for uge In community reiations ef-
fons.

Traatability testing involves tha per-
tormancs of vanous physical and chert-
cal Walg on astual contaminated maten-
(g from tho site, followad by enginesr-
Ing-ecale ISV mall teeting 5h the maienals,
The cogt of traatability testing is in the
range of $35.000 1o $40.000. Unusual
analytical raquramaents, 3uch aa those
posed by dioxin gnglysss, may In-
orease tho cosis. Traatsblity tasting
usually can be compliatad within eght
o 10 weaks aitar project initlation.

The cost of equipmant mabillzation
and demobliizaucn depends on trana-
port distanes to ang from heg aits. The
combined otai of 1hege 08 may bo e
tmatad at $50.000 plue $50 par trana-
port mite. Typlcal total mobilizavonde-
mobilization codta fall v the range of
$100.06C 10 $200.000.

The ongite servica coat of I8V pro-
os3aing uguall i In the range of $250 to
$350 par ton of malerai processsd.
Thig inciudes & saments of drect ang inal-
rect cust. such as labor, materials, en-
orgy, aqupmaent amoriization, ang con-
Uacigr ovarhsae ang profit. The maat
signiicant varablos affecting the cost in-
clude cost of elactncal power, amount of
watar 10 b8 ramaved dunng processnyg,
&R0 analylieal cheniglry requiromants
aag0cated wiln process control and per-
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percent to 40 parcent. Vifrification is the
only maans avalable © siiminata such
vaid volumng. in additon, furthgr vaiuma
reducticn may be acheved through da-
campositon of solida intd gasgous prod-
Jts (tor example, limestons convarts 10
caloium oxide and caroon didxlae). Vol
uRE 1BGuCHON results N & gubsigenca of
the mint surtace beow e orginal sten-
ing grace. At tha compiation of process-
ing, cleas bacxfil iv placed over the re-
gidus: monoiith 0 depths desirad for
subsequent lana-uge Nunds.

The 8V regldual product from 8ol
apphcanons s typcaily about 10 timas
stronge’ 1han unraintarced congrste,
botn in tengion (4,000 psi to 8,000 psi)
and comprassion (30,600 pai to 45,000
psi). it & not aHactad by either wevdry
or freazanhuw cycling.

Indivicugl ISV process seitings may
passsss a maas of 1,000 tong. Adjacant
setings fusa togalher 1Mo & singie mon.
alith; thug tha ragidull product prasants
& mirimum of surtaces wea ty the sur-
rounding environmant. Evan whan re-
ducag 16 fine oarticle M20s, the ISV re-
gidunt proguct sasily pRsses BPA's EP
toxicity ana TCLP losting crilana. EPA
algo iras touna the ISV rasidual 1o have
acceptabie tevely of Dicloxicily reanve
10 near-surisce life forms:.

As wiih other manoithic wasa forme,
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sigunl procucl. Bhawn sbove 's 10 tane of soll virified In (he plicd 108w tast.

ffe axpactancy of the I8V residun! prod-
Wt is ditficutt to astmate basad on ¢om-
paratively short-tarm loach lests. How-
svar, the 15V reaidual hag the advantsge
of balng physicaily ana chemically anal-
ogous to natural obsidian, & glass and
Cryailing procuct of voicanic ongin thut
nas teen swdied exisnsivaly for 1s aga
ang weathering characwnstics. Scantéts
bellevs that tha mean age of natural
obsidian 15 18 milllon years?. Buring hy-
dration, obsidian forms & protective
R that fimits furthar corroaion. Unlass
thare are abutive physical processss
degrading the ISV resigual product
within tha environmarnt, the ISV proauct
2150 should withstand shwvironmenial ex-
posure for gediugic ime parods (that
i, thousands 10 milllons of years).

Equipment. The I8V process alfows
sortaminated materias to be freated in
thair susung location. The matanaia
also may ba cansolidatad and staged
for traatment &t & desired procosaing
lceanion. The M8V equipmant {Fig. 3) Is
mountsd on gverthe-roud traiiera o
that it 18 mobile, The equipment 18 da-
gignad far gquick intarconnection at the
gite; typical réadinags lime is about ane
waak aftar amval.

The prmary component of the eduip-
mant gystem  the cHt-gas coliaction
and treatment gystem. A 55-foot dgia-

meter ofi-pas coilection hood direcss any
matonials ovolving from tha tressmant
wone 1o the of-gas reatment sysiem. The
gystem cieans off gases with quanahing,
ventun gcrubbing, mist elimination, tne
mudily contol, filraton and carton aa-
£0INON UM [MOCESEEE.

The quenthing and scrubbing soly-
tion is cooled by a ssif-conined glyco!
syatem. sliminating a continuous sup-
ply of onsite water. Penodically, ary
cohtamizants coligctsd in the scrubber
soiution, filers and/or caroon Beds may
be recycied to & subsequent ISV get-
ting, Cnly secondary wasta ai the end
of the last setting at the site requires
further treatmeit or disposal,

Because most of Ing gases ihet
avolve during ISV are innccuous, of:
gas Cisanup g easily acsamplished.
Alzo, becauge ISV doss nat Involve
combustion of any fuais 1o attain high
procassing temparatutas, 1harg s no
nasg ta process the large valume of
fuai combustior: products pramernd dur-
ing moat meingratlon operalions, A gle-
sel-powarad, backup oft-gae treatmant
Bystam 8 ampioyeq to difow continued
procassing of off-gages In tha event ot
pawer talivte,

The ISV equipment system 6lso ine
¢ludes an siactrical power conditioning
capability. Eleciic power it typiealy
tanan from & utility-provided sarvice at
githar 12.5 kidovoits or 13.& kilovotis.
The AC nower 18 convenad to 2-phage
and transiormed o 4,000 volts for 1.
tat procassing.

Voltage s further teduced periagi
cauly quring an ISV satung to offaat the
increasud conauctivity provided by the
growing meit, Tyblcal &oil applisanons
requiré 0.35 kilowatt houra o 0.4 kilo-
watt hours per poung of Wmatedal
raated. Since the large-scals I8V
sQuipmant processes a nomingl 16,000
pounds par hour, An eledtical $srvice
approacning 4,000 kilowatls I8 naces-
gary. That i abou! 83 much powar as
¥ CONSUMSY by an average-%izd holsl
in a major cty. Such diectncal gersice
ia rgadily avauladie through public utili-
vis; the negoad powar may also be
glggei-generated in ramate locations.

Tho limits. The 1SV procese hag basn
JAgar deveigpment and demonstration
oy Battalts Memonsl Insfitute mncs
‘800. Tha majonty of work periormed
nas been for the U.S. Dapartmant of Ene
srgy (DOEY, newavar, agnificant wor
Alzo nhas been dona LOf VENOUE piivale
and other governmant gponsors, Tha
ISV process was davaiopad dnd demaon-
slratad through large-scie projecis, snd
wasias treatec have inchded & variaty
of hazaraous enemica;, rggloattve ang
mixed (hazardous chamucal and ragia-
actve) wastes. The apility of 8V 1o




In-situ vitrification:
d immobilization
are combined for
soil remediation

By James Hanaen

and Vineant FitzPatrick

ARA manaates that EPA give

pnenty 1O realmsnt technato-

gles that offar parmanent rema-
dles; ara capalra of reduting the toxdclty,
motnity or voluvie of hazerdous maten-
ala; and that can ba paricrmed onglte
ang In situ. Thees criteria have proven
1o ba paricylary challenging in the dif-
ficult area of remsaiating contaminated
aoils, siudges, sediments and process
talings. in Sity Vitriflcaton (t8V) 1a &
uigie naw technology that poten-
tally can satafy the congresslongi
mandals tor these difflcult wastes.

How ISV works. The ISV process
involves in &ty slectnc malting of
contamingtan sohds &l high tempara-
tites, typicady in tha range of 1,600° C
to 2,000° C. Flg. ' llustrtes tha pro-
cess oycta, ana Fig. 2 pressnts typles!
procass conditions.

Four alsctrodes ar6 plicad 16 the de-
airad veatment depin. Bsoauss soll typi-
caily doas not have sufficient glecincal
canduciivity 1o sllow proceas intfation, &
mixture of graphits and glase int Is
piacea on the surlace betwesn the slec-
ttadas to servg a3 an inittal conductive
{starter) paln. As alectric potential @& ap-
plisg botwean the elactredsn, aurrent
flows through the gterier path, heaing
4 ana the adjacent §04 13 tamparatures
above 1.600° G, which i wel above
ypleal zoll fusion temparalsras.

Upan mamting, $0i decomen slestrichiy
conductive: thug the molien Mas ba-
coman ihe pnimery cohductor ang haat-
translar mathum allowng the procass o
santinué Dayond startup. Jouls hesting
of tha moiten mags O4UTe a9 tha electric
powar 8 pasaad botwasn 18 twd palrs
of elettrodes. Haating of the mass is
alged by CoOnvaclon currents within the
meit. Heal Is iransiemad 10 tha adja-
cent goi by conduction from the mei.

Aa the high-temparaturs molt moves
slowly downwara and outward through
the contaminated solids (4 to &'10ne
per haur, ylelding ar: advanoce rate of
inch to 2 Inzhea par hour), &4 8taed thar
mal gradient (180" & to 250° C per
inch) precedes the melt. Al appropHate
temperatute regimas within this grace
anl, or within the malt ituell, the sollys
and contaminanta undargo physical
changes and decompoaition rsaciions,

The posaible diapositions of paricu-
iar contmminants resuttng from 18V pro-
cosaing Include chemical or tharmal
deatruction, ramovai fram the {rsatment
volume to the off-gas trecumaent sys-
tem, and chemicai of physcal INCOIPo-
ration within the residuat crotuct,

Application conaldenstiona, Many sto-
and spplication-gpecitic variablas affect
the gisposition of gpacific sontaminants.
The primary varables inzlude physical
snd chemical propertias of contami-
nants, meit chamistty, matt tam-
paratura, dontarr<nant dwall fime in e
treatmant zone. asacet sofl prooas-
tiss, 40il Moislure comant &N Sullad
of overmenting (mi meited tayora the
imit of contaminationj. Bosguse of the
many site-spachic vanablaa invoived, it
is nacesaary to consigar each remedi-
ation project individ sally.

Perfarmance. Tng ISV tagung [wo-
gram hag Indioatad that cenwin classes
of contamingnts iy b expested 1o
undengo basic tynas of regponse and
Jiimata digposiion ouiing traatrent.
HMazardoug compouncs undarga he
phanomanon of pyro. - sia (thermally n-
duced dacomposiion ¢! campo-wis
into their elements, usualy in the .-
gance of oxygen). For exampia, chion-
nated Organics aacormpoes 10 CAMDAGN.
hydrogan and chloring, and mirales
braak down into nitragen and oxygen.

The [8Y process peoduoss an obaidiendtie -

In addition 10 pyvolysis products, It
&lso 13 posaibie that imited quantites of
highly volatie materials may avoive from
the freatmant voume quning procaseng.
All avolved matarials are captured in &
coflection hood and subjectsd to offt
043 reatmant procassas 1o ensura all
emissions are within regultary limits.

8alld media also decompoes during
processing. For sxample, the (norganis
portion of soils, which conslats of complax
miheral compounds, typleally breiks
down into major oxide groups, auch as
gllloa and alumina. The 18Y melt ¢on-
sisis primanly of thess major oxides,
which, upon cooling, forn a ginss ano
arystailine proguct with cutatanding en-
viranmgntal expoaurs propertes.

Inorpanic olemonts that do not evove
from: the it duting gr bacama
part <o fhle cagdum proguct lhro:.;gh
physical or chomics! wemporation. Ta-
Digs 1 and 2 pregens yTioal eeuts Yo
the ISV devalapmen' anus i6irg pro-
gram, indicating Serarmaroe on varcus
ypes of contammants. Tabg 1 prasonts
Crganic dostucion S «moval rauls,
aid Table 2 pregenis heavy metal retan.
tion, remaval 2no lagch taaling rasulle.

Vaiume reguction, 15V procesaing
giiminatag tho voIC vo:iume présent in
pameulate materals, &uch as goils, ra-
sulting in typicai volume reductions of 20
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Fig. 2: Typlcal ISV Process Conditions
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Soiros; Geosales Corp.

mit compliance, Using Information on

theao and other partinant variables. ap-
pllcation-specific cost estimates may
ba daveioped.

Project expanslon. Battells contn.
uos to axtand the technology to vanous
radicactive, nazeouvs chamical and
mixad wasts applicaiions of Intorest to
DOE, DOE grantsd Battsli¢ specific
rights to the technology In gxohangs lor
ite commarciglizavon, To mccomplsh
commarciaiization, Bettelle eatablishey
Gevsate Corp. (Kirkland, Wash.) as the
exclugive aublcensae (o provide onsite
&V rgmpgiation gervices.

ISV technology '6 a paricipant in EPA's
SITE program. A spactfic site has not
yei baan sslected for the ISV demaen-
siration, which EPA will avaluata. Care 8
balng gven to seiacton of a ghe that wili
aval/ate ag much of the technology’s
appiicabiity to poteni.al Supertund sitas
as possiblg fram a aingis projact.

ISV curreatly ig baing conaidarsd for
ucs at several Superiund and ACRA
Comactive Action 4itsd within tha Unttad
Statas. EPA has estected the procass
far ramediztion of ona Subsrund Re-
Mova, Prograrm site and two Remedial
Program gitas. These siea contain con-
taminants such as PCES, gloxin, posti
gidas, marcury, ang & largs numhar of
othar organi¢e and inorganias at varying
concentratians. In addition, B 8 ex-
pacwd that the ISV technology witl ba
damanatrared on & largse scais at ona o
vaia gte (PCBs), one Superiuno gile
{radium and & vanaty of organics), &nd
two DOE aites during 1880, Two addi-
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Flg. 3: ISV Equipment Schematic
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tional DOE damonstrations are in the
planning stage. v

James Henzen ks director of marketing
and sales &l Geosafs Corp, {Kirkland,
Wash.), He ssrc us manegae of ISV
project davelopment and commerciali-
zation at the Richiand, Wash., labora-
lory of Battelle Mamonial Insiituts (Co-
lumbuysg, Ohko) for four years prior to the
formation of Gsosafe. Vincent Fitze
Patrick s Gecsale’s director of erigi-
neenng, lechinplogy and fiekd opera-
dong. He was Baitelio’s manager of
ISV programs for the alx years prior to
the formation of Geosale. v
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TABLE 1, Typical Organic Destruction/Removaul Effic

. Ccancentration Percent Parceaunt

Contaminant {ppd) Destruction Removal {1}
Organic Pesticides:

£,4° DDD, DDE, DDT 21-240,000 93.9 - 99.99 >$9.9

Aldrin 113 >97 >39.9

Chlordzana 535,600 $98.85 >89.9

Dieldrin 24,000 - 98-59. 8% >99.9

Aeptachlor 61 98.7 >99.9
Yolatiles;:

Yosl OLL 233-11,000 »99 >89.9

MEX 6,000 (2} >95 >99.9

Toiuvens 203,000 9%.996 >99.9

Trichlorocetiane 106,000 95,9585 >59.9

Hylanas 3,533,600 39.3598 >99.9
Seml~Volatilea;

Pentachlorophenol >4,000,000 99.595 >99.9
Won~Volatilan:

Clycol 68,000 (3) >98 >99.9

. I{B3 15,400, 60G 9.3 ~ 59.99 >59.9
Dioxins >£7,000 99.9 ~ 99.99 >99.9
Furang >9, 400 99.9 - 99.99 >99.9

{13 This is the parcent removed, from the off—-gas, of the amount ¢
destroyed; thus the percentages are additive for total DRE.

(2) 98% MEK in container, yielding 6,600 pp= in layer of containex

(3) $06% athylene glycol in contaimer, yielding 8,000 ppm io layar
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